Concentrated suspensions of equal numbers of normal and poliovirus infected cells at 37 °C were sampled periodically. Cell homogenates prepared from these samples were analyzed for total nitrogen content and for total ATP-ase, alkaline phosphatase, and glucose-6-phosphatase activity. The homogenates prepared from equal numbers of virus infected cells showed a logarithmic de crease in nitrogen with respect to time over the period from four to twelve hours after infection. No additional loss in nitrogen occurred during the following twelve hours. Such nitrogen losses were associated with a decrease in the activity of the three enzymes. In the case of ATP-ase this decrease between the four and twelve hour period was linear with respect to time. The activity of this enzyme remained constant during the following twelve hours. The nitrogen content and activity of the three enzymes in homogenates prepared from normal cell suspensions did not increase over the sampling interval. The large amount of bicarbonate required to maintain the ph of the culture under these conditions produced an unfavorable environment for the cells. This was confirmed by the finding that normal cells placed initially in tissue culture medium, at standard pH , containing excessive amounts of bicarbonate showed no. metabolic activity. Such cells exhibited a marked reduction in total nitrogen and in the activity of the three enzymes over a sampling interval of twelve hours. When normal cells were placed in the tissue culture medium, at standard pH , con taining such excessive concentrations of bicarbonate, and immediately infected with poliovirus, a delay in the synthesis of, and a marked reduction in final titer of the virus resulted from that found under control conditions.
for maximal activity. In addition. Löw et al. 52 have shown that the reaction in rat liver mitochondria was inhibited if the assay system contained signifi cant amounts of AMP or ADP. However, C h ig a and using the assay conditions which have been reported in the previous paper. The prim ary interest was to assess whether the activity of such phosphatases is altered as a result of host cell-virus interaction.
Materials and methods
Procedures involved in the preparation of cell cul tures, suspensions, and homogenates and of the media and conditions required for the assay of ATP-ase, alka line phosphatase, and glucose-6-phosphatase have been described in the previous paper. However, in order to effectively compare the activity of these enzymes in normal and poliovirus infected preparations it was necessary to modify certain of these procedure slightly. These modifications follow; all other steps were iden tical to those used previously.
A standardized cell suspension was prepared in the manner described. After one wash in M e 1 n i c k's fluid, followed by centrifugation, the pellet was thoroughly mixed in 20 ml of the normal growth me dium and immediately distributed equally between two 500 ml baffled flasks at 37 °C, each containing a mag netic bar. In addition, one flask (normal) contained 200 ml M e 1 n i c k's fluid. The other (infected) con tained 200 ml M e 1 n i c k's fluid plus poliovirus at a concentration of either 6 .2 -107 plaque forming units (P.F.U.) /ml or 2.4 -108 P.F.U./ml.
Immediately after the cells were added, low speed agitation at 37 °C was started by the use of isolated magnetic stirrers. Such agitation was maintained over the course of the experiment. Periodically, 20 ml samples were removed from each vessel and the cells washed three times in normal saline. Homogenization and further treatment of these preparations were ac cording to the already established conditions. It should be noted that a preliminary experiment carried out by agitating a cell homogenate at 37 °C in M e 1 n i c k's fluid with a known quantity of virus for a period of 7 hours gave data which indicated that no significant adsorption, aggregation or inactivation of the virus to or by the homogenate occured during this time.
Prior to assay for enzymatic activity an aliquot was removed from each sample of normal and infected homogenate. One portion was quantitated for total nitrogen by the method described; the other for total virus content by the general technique described by D u l b e c c o 13. Specifically, suitable dilutions of homo genate in M e 1 n i c k's fluid at 37 °C were plated in a volume of 0.5 ml onto cells contained in 5 cm petri dishes. After a 45 minute period for adsorption of the virus to the cells each plate was overlaid with 5 ml of M e 1 n i c k's fluid containing 0.9% washed agar at 44 °C. All plates were then sealed into a chamber con taining an atmosphere of 95% air and 5% C 02 and after 48 hours at 37 °C the plaques on each monolayer were developed overnight in the presence of 2 ml neutral red (1 : 5,000 wt/vol).
Results

ATP-ase Activity of N orm al and Infected Whole
Homogenates. Normal and infected cell suspensions were prepared and samples were removed periodi cally and homogenized. The total ATP-ase activity of each preparation was then determined in the standard assay system containing the B.C. buffer.
The results which were obtained are plotted in Figs. 1 and 2. It is apparent from a study of these figures that, whereas the ATP-ase activity of normal ASSAY TIM E (H r.) Fig. 1 Two additional experiments carried out under identical conditions gave essentially confirmatory results to those cited above. However, since the total sampling interval was prolonged in the first of these experiments, some additional inform ation was ob tained. It was found that the infected cells continued to lose nitrogen over approxim ately a 12 hour period. At this time the suspensions were found to contain only about one-half of their initial content of intracellular nitrogen. Continued incubation of such cells over a total period of 24 hours resulted in no further losses. The ATP-ase activity of such pre parations continued to drop within this 24 hour period only so long as cellular nitrogen was being lost.
The quantitative relationship of nitrogen loss to time of infection which was observed in this experi ment can be seen in Fig. 3 . Following a lag period corresponding to the time required for the ap pearance of newly synthesized virus, it is apparent that a semi-logarithmic relationship between these two variables existed over the 12 hour period. Data from the second confirm atory experiment are plotted in Fig. 4 . This illustrates that with a constant ATP-ase assay interval such homogenate preparations from infected cell suspensions after an initial time lag exhibit a reduction in enzymatic activity which is nearly directly proportional to time of infection over a 10 -12 hour period.
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Alkaline Phosphatase Activity of Normal and
Infected Whole Homogenates. Anormal and infected cell suspensions were sampled periodically for assay of their alkaline phosphatase activity. P art of the data obtained from two such experiments are plotted in Figs. 5 and 6. It can be seen in Fig. 5 that over a 10 hour sampling interval the activity of the enzyme in in fected suspensions dropped significantly. Samples taken at other times during the experim ent possessed enzymatic activities interm ediate between those found in the initial and term inal preparations. The low activity of this enzyme under the conditions of assay made it impossible to assess quantitatively the variation of this param eter which respect to time of infection. However, data in Fig. 6 from the second experiment, which utilized more highly concentrated cell suspensions, indicate that well defined differen ces in alkaline phosphatase activity between normal and infected cells existed rather early in the infec tive process.
It should also be noted in Fig. 5 that the amount of substrate hydrolyzed per unit assay time was re duced over the sampling interval even in the normal cell suspension. Evidence presented below makes it seem likely that this reduction was due to the toxic effect of added bicarbonate -which was required to m aintain the pn of the medium over the course of the experiment. In both norm al and infected cells, however, this loss of alkaline phosphatase activity was correlated -as in the case of ATP-ase -with a loss of intracellular nitrogen.
Glucose-6-Phosphatase Activity of N orm al and
Infected Whole Homogenates. Separate experiments were performed to determine the glucose-6-phosphatase activity of normal and infected cell suspen sions with respect to time. Some of the results are summarized in Figs. 7 and 8.
It can be seen from these figures that, as with al kaline phosphatase, there occurred a measurable drop in the activity of the enzyme as a result of virus synthesis and, furtherm ore, that this drop oc curred rather early in the infective process. In both experiments it was found that the amount of intra cellular virus formed per unit time, and the nitrogen lost from such cells as a result of infection over a 12 hour period, corresponded approximately to the values which would have been anticipated from the work presented above.
Certain Effects of Bicarbonate "Poisoning" on
Normal and Infected Cell Suspension. It was noted early in this study that concentrated suspensions of normal cells agitated at 37 °C in M e 1 n i c k's fluid brought about a rapid drop in the pn of this me dium. It was, therefore, necessary to add small amounts of a concentrated sodium bicarbonate solu tion periodically in order to m aintain the pn °f the culture at approximately 7.4. Sim ilar suspensions of infected cells evidenced an early drop in the pn of the medium. However, once viral synthesis was well established (by two hours after infection) such cul tures no longer required further additions of bicar bonate to m aintain the pn-number.
An experiment was carried out to determine what effect concentrations of bicarbonate in excess of those used previously have on the intracellular nitro-gen content and ATP-ase activity of norm al cells over varying periods of time. A second experiment was conducted in a sim ilar fashion with infected cells to assess the effect, if any, of this excess bi carbonate on intracellular virus production with re spect to time.
Both experiments were carried out with cell sus pensions prepared according to the standardized procedures. However, in each case after the cells had been under agitation for about 30 minutes the pn of the culture medium was reduced to approximately 7.0. At this point 10 ml of 2.8% N aH C 03 was added and the pn was immediately readjusted to approxi mately 7.6 by bubbling C 0 2 into the medium through a sterile assembly. A gitation was continued at 37 °C. It was found that in both norm al and infected preparations no further drop in pn occurred after this point.
The results from this work are presented in Fig. 9 and Table II . It can be seen in Fig. 9 that such b i carbonate-treated but otherwise norm al cells lost considerable amounts of nitrogen over the incuba- tion period and, furtherm ore, that this nitrogen loss was correlated with a reduction in ATP-ase ac tivity. Table II demonstrates that the bicarbonatetreated infected cells were able to synthesize con siderable amounts of virus. However, a comparison of these results with the data in Table I reveals that the "poisoned" cells were not only unable to pro duce comparable yields of virus but also were de layed in the production of what virus was syn thesized per unit time.
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Discussion
K o v a c s 9 has cited his work as evidence that viruses can serve as inhibitors of essential enzyme systems. However, prior to such enzyme inhibition in infected cells, a period of enzyme stim ulation was shown to occur in certain cases 12,14. He found, for example, that poliovirus-induced degeneration re sulted in a rapid, complete, and irreversible loss of alkaline phosphatase from monkey kidney cells in tissue culture. The statement was made by this in vestigator that "the drop in activity cannot be ex plained by the reduction of tissue mass, which is the consequence rather than the cause of enzyme change" .
Some of the data presented in this paper would appear to be in conflict with this statement and would, in addition, indicate that poliovirus infection in this system has a non-specific effect on a number of cellular phosphatases. The nature of this evidence lies in the activities of ATP-ase, alkaline phos phatase, and glucose-6-phosphatase which were ob served in non-infected preparations; the correlation of nitrogen loss from infected cells and their en zymatic activity with respect to time of infection; and the effect of bicarbonate toxicity on such en zymatic activity and nitrogen loss in normal and infected preparations.
Specifically, it was noted that concentrated sus pensions of normal cells under conditions of agita tion for 12 hours at 37 C were unable to m aintain or increase their content of intracellular nitrogen. Somewhat analogous findings under different condi tions have been reported by K o v a c s 15. Homogenates prepared from such cells were also unable to m ain tain or increase their ATP-ase, alkaline phosphatase, or glucose-6-phosphaiase activities over the same period of time. Later work indicated that bicarbonate toxicity, induced by periodic additions of N aH C 03 to m ain tain the pn of the culture medium, was probably re sponsible for this effect. However, other factors may also habe been operative since P a c e and A f f o n om o s 16 and P o w e l l 17 have shown that overcrowding per se can cause injury to cells which in certain in stances is so severe that they will not survive trans plantation.
Similar suspensions of infected cells also exhi bited a nitrogen loss over the 12 hour incubation period. In this case, however, such losses were much more pronounced. After the completion of in tra cellular virus synthesis the nitrogen content of the infected cells continued to drop in a semi-logarithmic fashion over the 12 hour agitation period. By this time such cells had lost approximately one-half their total nitrogen. Continued incubation over an additional 12 hour period brought about no further reduction in the nitrogen content of the cells.
The enhanced loss of cellular nitrogen brought about by infection also resulted in a m ore severe reduction of the ATP-ase, alkaline-phosphatase, and glucose-6-phosphatase activities in the homogenates prepared for assay. It should be noted, however, that in no instance was the linear type of activity with respect to assay time changed as a result of these induced modifications over the sampling inter val. At least in the case of ATP-ase -the only acti vity great enough to quantitate the relationshipthis drop in enzymatic activity was directly propor tional to time of infection over the 12 hour period. No further reduction in activity was noted after an additional 12 hour period of incubation.
The nature of the relationship of nitrogen loss and reduction in ATP-ase, alkaline phosphatase, and glucose-6-phosphatase activities indicates that the infected cells were losing nitrogen at a more rapid rate than they were losing the activity of the three enzyme. Since these changes were taking place at the same time in the infective cycle, it seems likely that at least part of the m aterial being lost consisted of the enzymes being assayed. Other evidence bears on this interpretation. S a l z m a n and L o c k h a r t 18 found that HeLa cells showed a progressive increase of 37% in RNA content over a 12 hour growth period under optimal conditions. However, type I poliovirus infected cells showed no significant increase in this material during the first 6 hours of infection and, in fact, showed a pro nounced loss amounting to 70% of that initially pre sent during the following 6 hours. During this lat ter period 20% of the cell protein also was lost, but none of the DNA. The fact that R o t h s t e i n and M a n s o n 19 did not detect such severe reduction in R N A content of HeLa cells infected with type II poliovirus may in dicate that these effects are due to causes secondary to infection. Evidence exists that not only virus in fection but also a variety of rather "mild" alterations can result in changes to cellular permeability, per mitting the escape of high molecular weight sub stances such as proteins and nucleic acids. For example, a number of investigators 20-23 have re ported that cells which are allowed to grow into the stationary phase often show this phenomenon. L e v i n e 24 has also reported a permeability change in HeLa cells after three or more washes in saline solu tion. The m aterial lost from such cells was shown to include not only nucleotides but also compounds precipitable by trichloroacetic acid.
It is obvious, therefore, that if virus infected cells are more sensitive than normal ones to such alter ations in cell permeability, and if this sensitivity in creases over the infective cycle, at least some of the nitrogen loss observed in infected cells may have occurred during the three-step washing cycle em ployed p rior to the preparation of the homogenate. The observation that bicarbonate toxicity in sus pensions of normal cells was able to partially mimic poliovirus infection with regard to its effects on nitrogen loss and ATP-ase activity lends support to the idea that the action of the virus on cellular phos phates is not one of direct modification. Such b i carbonate "poisoned'' cell cultures not only ex hibited a rapid loss of intracellular nitrogen -which was correlated with reduced ATP-ase activity -but also, when infected, showed a delay in the synthesis of virus and a reduction in final titer from that ob tained under control conditions. It has been shown by S w i m and P a r k e r 28 and G w a t k in and S i m in o v it c h 29. among others, that bi carbonate ion is required for the growth and m ain tenance of fibroblasts derived from human, mouse, and rabbit tissues. In addition C h a n g 30, Z w a r t o u w et al. 31 , and H s iu n g and M e l n ic k 32 have demon strated that this ion is essential for the multiplica tion of poliovirus in human, embryo rabbit kidney, and monkey kidney cell cultures, respectively. How ever, L o c k h a r t and G r o m a n 33 found that sodium bicarbonate in excessive concentration (2.2 g/l) could actually depress WEE virus synthesis in chick embryo cell cultures. A similar effect in the synthe sis of poliovirus by embryo rabbit kidney cells was noted by Z w a r t o u w et al. 31 at a sodium bicarbonate concentration of 0.44 per cent. Additional work by this group 34 provided evidence that normal cells in concentrated suspension under sim ilar conditions of bicarbonate treatm ent showed depressed cell func tion and viability.
